The effects of oral acute administration and subchronic (34d) feeding of sev eral levels of U-psicose, a C3-epimer of D-fructose, were studied in rats. In the acute adminis tration test, five groups of eight male Wistar rats (3wk old) were orally given D-psicose in doses of 8, 11, 14, 17 , and 20g/kg. Three rats receiving 14g/kg, three rats receiving 17g/kg and eight rats receiving 20g/kg of D-psicose died within 2d after administration. The calculated LD50 values were 16.3g/kg by the Behrens-Karber method and 15.8g/kg by the Litchfield-Wilcoxon method. In the subcronic feeding test, eight groups of seven male Wistar rats (3 wk old) were fed diets containing 0 (control), 10, 20, 30, and 40% for 34d. One rat fed 30% D-psicose diet and five rats fed 40% D-psicose diet died during the experi mental period. Body weight gain, food intake and food efficiency were more extensively sup pressed by the higher D-psicose diets. The weights of heart, spleen and abdominal adipose tissue were smaller in the order of dietary D-psicose concentration. Cecal weight increased with increasing D-psicose concentration in the diets. Cecal hypertrophy was observed in rats fed 10-40% D-psicose diets. These results suggest that D-psicose differs in nutritional char acteristics from D-glucose or U-fructose. The feeding of diets extremely high in D-psicose seems to be harmful to the intestinal tract.
D-Psicose (D-ribo-2-hexulose), a C-3 epimer of D-fruc tose, is a "rare sugar" present in small quantities in commercial mixtures of D-glucose and D-fructose ob tained from the hydrolysis of sucrose or isomerization of D-glucose (1). D-Psicose is also present in processed cane and beet molasses (2), and is found in wheat (3), Itea plants (4), and in the antibiotic psicofranine (5). Because of the very small amounts of D-psicose in natu ral products, few studies of D-psicose metabolism in ani mals have been conducted.
Recently, we developed a new method to produce D-psicose enzymatically on a large scale (6), making it possible to conduct such studies. We have suggested that D-psicose supplements suppress hepatic lipogenic enzyme activity and reduce intra-abdominal fat accu mulation compared to D-glucose or D-fructose in rats (7). Moreover, we demonstrated that D-psicose is a sweet monosaccharide that provides no energy to growing rats (8). Thus, D-psicose may be useful as a sweetener for obese people as an aid for weight reduc tion.
In this study, we examined the effects of oral acute administration and subchronic (34d) feeding of several levels of D-psicose to rats to gather basic data regarding the safety of using D-psicose as a sugar substitute. Analyses. Serum glucose and triacylglycerol con centrations were determined by a method reported pre viously (12, 13) . Liver total lipid was extracted by the method of Folch et al. (14), and liver triacylglycerol was measured by the method of Fletcher (13) . Carcass fat and protein were analyzed using the method reported by Mickelsen and Anderson (15) .
MATERIALS AND METHODS

All
Data analyses. All data were analyzed by a factorial analysis of variance (ANOVA) and post hoc Scheffe's tests. Differences were considered statistically signifi cant atp<0.05.
RESULTS
Experiment 1. Oral acute administration of several levels of D-psicose
All rats displayed diarrhea 1-24h after D-psicose ad ministration. The high-dosage groups (17 and 20g/kg body weight) became quite weak. Three rats receiving 14g D-psicose/kg body weight, three rats receiving 17g/kg and eight rats receiving 20g/kg died within 48h after administration (Fig. 1) . No abnormalities were observed in the surviving rats after 3d. The calculated LD50 values were 16.3g/kg body weight by the Behrens-Karber method and 15.8g/kg by the Litchfield-Wilcoxon method. All rats that died during the experimental period were dissected. In rats that died after receiving 17 or 20g D-psicose/kg body weight, bleeding was observed in the mucous layers of the stom-ach or small intestine. Experiment 2. Subchronic feeding of several levels of D psicose Number surviving, body weight gain, food intake and car cass composition. One rat fed the 30% D-psicose diet and five rats fed 40% D-psicose died during the experi mental period (Table 2 ). The rats fed the 20, 30, and 40% diets displayed diarrhea for the first 8d (Table 2) . Body weight gain was more suppressed by the feeding of a higher D-psicose diet (Table 3) . A significant difference in weight gain was observed between the 0, 10, 20, and 30% D-psicose groups (p<0.05) ( Table 3) . Food intake and food efficiency were lower (p<0.05) in rats fed a higher D-psicose diet (Table 3) . Carcass fat content and percentage of carcass fat decreased significantly (p< 0.05) with increasing D-psicose in the diet (Table 3) . Carcass protein content decreased as the amount of D psicose increased, whereas the percentage of carcass protein was significantly (p<0.05) higher in the 0 and 10% D-psicose groups than in the 20 and 30% D-psicose groups (Table 3) .
Tissue weights and cecal enlargement. The weights of heart and spleen were smaller (p<0.05) in rats fed higher D-psicose concentration diets (Table 4) . Liver and kidney weights were heavier (p<0.05) in rats fed the 10% D-psicose diet than in rats fed the 0 and 30% D-psi Table 2 . Diarrhea observations of rats fed D-psicose diets during the experimental period (Experiment 2).1 1Number of rats with diarrhea/number surviving . cose diets (Table 4) . Cecal weight was greater in rats fed higher D-psicose diets (Table 4) . Cecal enlargement was observed in rats fed 10-40% D-psicose diets. Epididymal, perirenal, and mesenteric adipose tissue weights were smaller (p<0.05) in rats fed the higher D psicose concentration diets (Table 4) . Serum and liver components. Serum glucose and tri acylglycerol concentrations were significantly lower (p<0.05) in the 30% D-psicose diet group than in the other groups (Table 5 ). On the other hand, liver triacyl glycerol content was higher in the 10% D-psicose diet group than in the 0% group ( In the subchronic feeding test, high consumption of D-psicose appeared to be harmful to the intestinal tract, which has been generally observed when dietary fibers are fed in large quantities (19) . However, surviving rats seemed to be able to adapt, to some extent, to D-psicose feeding, since rats fed the 30 and 40% D-psicose diets were able to show a recovery in body weight, food in take and laxation during the first 7d feeding period.
The subchronic test suggests that body weight gain and food intake were suppressed more by the feeding of higher D-psicose diets. Similar effects were seen in alterations in the weights of tissues including heart, spleen and intra-abdominal adipose tissues, and in the carcass fat content. Inversely, cecal weight was greater in rats fed a higher D-psicose diet, to the point of cecal enlargement. Many of the effects were assumed to be secondary to a decrease in food consumption or the consumption of large amounts of a non-nutritive, poorly absorbed, osmotically active substance. The World Health Organization has looked extensively at the relationship between the consumption of non-nutri tive substances in the diet as a cause of decreased weight gain and also reported an association with cecal enlargement (20, 21) . In addition to the documented effect of specific dietary components on cecal weight, certain organs have been shown to be more sensitive to nutritional impact if it occurs when the animals are young (18) .
More interestingly, food efficiency was also sup pressed by the feeding of higher concentrations of D-psi cose in the diet. Goldsmith (18) reported no statistically significant differences in food efficiency at various levels of sucralose in treated animals as compared to control animals. These results suggest that D-psicose could have another unknown toxic effect, such as interaction with other macro or micronutrients. From these points of view, it is also suggestive that liver and kidney weights and liver triacylglycerol contents were heavier in rats fed the 10% D-psicose diet, and that the relative weight per body weight of liver and kidney were greater in rats fed the 10-30% D-psicose diets than the 0% diet. Bar et al. (22) demonstrated that rats fed diets with 5-20% D tagatose, an incompletely absorbed ketohexose (stereo isomer of D-fructose), exhibited increased liver weights, but no histopathological alterations. They also sug gested that D-tagatose at dietary levels of 5-20% in creases liver glycogen deposition and relative weight in rats (22, 23) . It is not clear whether or not the cause of D-psicose-induced liver enlargement is due to liver glycogen deposition. A more detailed study is required to clarify the mechanism of D-psicose-induced liver en largement. 
